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Designation: C1778 - 23 


Standard Guide for 


Reducing the Risk of Deleterious Alkali-Aggregate Reaction 


in Concrete’ 


1, Scope? 
1.1 This guide provides guidance on how to address the 
potential for deleterious alkali aggregate reaction (AAR) im 


Snetele construction, This guide adreses the process of 
‘emifying both potentially allali-ilica reactive (ASR) and 
slkal-cabonate reactive (ACR) aggregates through standard- 
ized esting procedures and the selection of mitigation options 
1o minimize the risk of expansion when ASR aggregate are 
used in coneree construction. Mitigation methods for ASR 
aggregates aro selected using either prescriptive or 
perlcmance based alternatives. Preventive measure for ACR 
Arpreputes are limited to avoidance of ue. Because the 
Potential for deleterious rentions depende mot only on the 
Sonctee mixture but also the in-service exposure, guidance ix 
provided on the type fractures and exposure environments 
Where AAR may be of concern, 


12. Unin—The value stated in ether SI unis or inch- 
pound unit ore o be regard separately as standard. The 
Values stated in each stem may not be exact equivalents 
therefore, cach system sal be used independent ofthe other 
Combining value fom the two systems may result in noncon: 
formance with the standard. 


123 This standard does not purport to address al of the 
safety concerns, (f any, associated ith is ase. I i the 
sponsio ofthe user of thi tanan establish apr 
rate sey. heath, and environment practice and dele 
mine he applicabili of regulatory limitations prior 10 use. 

14 This international stand. was developed in secon 
dance with internationally recognized principles on standart- 
ization exablshed in the Decision om Principles for the 
Development of Intemational Standants, Guides and Recom 
‘mendations issue by the Wor rale Organization Technical 
Barriers to Trade (TBT) Commie. 


2. Referenced Documents 

21 ASTM Sandan 

CONCI Specicion for Concrete Asp 

CINA Tet Methods or Chemical Andy of Hydraulic 
Cement 

CH Terminology Relating to Concrete and Conte Ag 

CÉSICISOM Speciation for Panan Cement 

{C210 Terminology Relating to Mya and Ober Inor- 
‘aie Cometh 

cB Dospive Nomer for Comitum of Con 
inte Agree 

COENEN Guide fr grap Exaniion of Ap 
trs for Const. 

CREMAN Ton Methods fr Sampling and Twing Fiy 
hah or Nal Pozotns for Uue i PonlanéCencnt 
p^ 

{STs Method for Penta Ali Rest o Coo 
ato Rocks se Conereie Apepier (Rock-Cylinlr 
Meta 

CS9SC394M Speciation fr endo piri Cement 

Cel Speciation for Coal Anh and Raw or Cakincd 
Nata Porolan for Use in Concrete 

CRVELIM Pte for Examination and Sampling of 
Hardened Conr in Construction 

(CH Pte for Perrine Examination of Hardened 
Conci 

COMICON Specification for Slag Cement for Use in 
Conci and Morann 

108 Tent Method for Lengih Change of Concrete Due o 
All Cuore Rock Renton 

CHSTICHSTM Performance Spesietion for Hydraulic 
Comer 

(C124 Speciation fr Sica Fume Used in Comenius 
Mixtures 

CIS Test Method for Pati Alkali Reactivity of Ap 
septs Morar-bar Mth 
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CISSCINGM Test Method for Determination of Length 
Change of Concrete Due to Alkai-Slica Reaction 

(C1587 Test Method for Determining the Potential Alka 
Silica Reactivity of Combinations of Cementitious Mate 
rials and Aggregate (Accelerated Morar-Bar Method) 

C66 Speciieaton Tor Ground-Giuss Povzolan for Use in 
Concrete 

22 ACI Standart? 

ACI 318 Building Code Requirements for Suvctual Con- 
cree and Commentary 

23 AASHTO Standant 

AASHTO R B0 Standard Practice for Determining the Re- 

ny of Concrete Aggregates ad Selecting Appropriate 

Measures for Preventing Deleterious Expansion in New 
Concrete Construction" 

24 CSA Stans" 

A2:-26A Determination o Potential Alkali-Curbonae Re- 
‘activity of Quaried Carbonate Rooks by Chemical Com: 
position 

ATVI-ITA Standard Practice to Identify Degree of Alkali 
Acerepale Reactivity of Aggregates and 1 emily Men- 
sures 10 Avoid Deleterious Expansion in Concrete 

AZAZ 2NA Standard Proctie for Laboratory Testing to 
Demonstrate th Effectiveness of Supplementary Comen- 
ing Materials and Lithium Based Admivtures to Prevent 
Allali-Slica Reaction in Concrete 


3 Terminology 

34 Defino 

3:11. For definitions of tems used inthis Guide, refer w 
‘Terminology C125, Terminology C219, and Descriptive No- 
menclutwe C294 

NG Definitions of Terms Specifi 10 Tiv Standant 

32.1 alkali conten, NaOrg, n-—value in percent deter 
‘mined by reporting sodium and potassium oxides, determined 
using procedures for total alkalies in Test Methods CIL, of 
‘cement or supplementary cementitious material, using the 
following formula: 

I 

322 alkali oong, n amount of alkalies comributed by 
the cement in à concrete mixture, expressed in km or hyd" 
and aleulated by mulipiing he cement content of the 
Concrete in km Thy hy the alkali content of the portland 
cement, or the portland cement and limestone portion of a 
blended cement, divided by 100 


3221 Dincutsion - kal loading Is abbreviated as KGA 
ILBAJ. In concrete tat includes supplementary cementitious 
materials only the alkali coment of the cement fraction of the 
cementitious materials is included in the calculation of alkali 
Toading. For example, in a concrete containing 350 kg/m” [500 
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tty of cementitious materials consisting of 75 portland 
cement, 20 slg. and 3 % silica fume, and where the alkal 
content of the portland cement is 049 % NasOeq, the alkal 
Joading of the concrete is calculated as follows 


N= 19 ya] 


GS Bene cement wi eet equiva- 
Bent kali conten of 073 the lal loading v the cor 
Crete calle flows 
XA = 3387910072900) = Lo kg 
LLBA — sno (tn ovn = 33] 


In a concrete containing SD kg/m’ [590 If | of 
‘Type ILLO) porlnd-imesone cement, with an equivalent 
alkali coment of the finished cement of 0:80 ^, the alkali 
loading o the concrete is calculated as follows 
KOA = 3840907 I) = 24 gw 
LUBA = 30 0/10) = 47 y] 
1n a conerete comaining 389 kg/m? 1600 Ivy] of Type 
TTOPSOY.O) ternary bended cement, with n equivalent 
alkali content of the portland cement and limestone rac- 
tion of 040 7, the alkali loading of the concrete i caleu- 
lated an follows: 
KOA 38970 Mel oan 10} = 20 ky 
[tuna = ea (20100080100) = 34 i] 


"The alkali conten of the portland cement and limestone. 
fraction of a Type IL or Type IT blended cement as lu 
irate in the example ealeulations above can typically be 
obtained on request from the manufacturer, even when this 
information ix not rept ona milles report. can. 
ilo be determined independently for a Type IL porland- 
limestone cement through testing à sample obtained by the 
er according to Test Methods CH, 

323 cement, n--portland cement, portland-limestone 
cement, or he portland cement and limestone portion of a 
bend cement 

32:4. Discussian—This definition does mot include slag 
cement because alkalies present in sag cement ane nt included 
in alli loading caleulations as shown in 3221 

32:4 deleteriously reactive, adj used to describe aggre 
goes that undergo chemical reaction that subsequently result 
in premature deterioration of concrete, 

324,1 Discisson The erm used in his standard guide 
describes aggregates that undergo chemical reactions wih 
hydroxide (OH) in the pore solution. 

3,5 merenti, adj-used to describe materials that do 
"ot undergo chemical actions that subsequently result in 
premature deterioration of conet 

325.1 Discusion Some aggregates with minor amounts 
of reactive constituents may exhibit the symptoms of alkali- 
!agtepate reaction (AAR) without producing any damage 19 
the concrete; these are termed as no-teacve aggregates. 


4. Summary of Guide 


AN Allalaggregte reactions (AAR) occur between the 
alkali hydroxides in he pore solution of concrete and certain 
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components found in some aggregates. Two types of AAR are 
recognized depending on the nature of he reactive component 
llalisilica reaction (ASR) involves various types of reactive 
siliceous (SiO, containing) minerals and alkali carbonate re- 
action (ACR) involves certain types of rocks that comain 
dolomite [CaMs(CO,),} Both types oF reaction can result in 
expansion and cracking of concrete elements when exposed to 
moisture, leading to «reduction in the service life of concrete 


42 This guide describes approaches fr identifying poten- 
tilly deleterious reactive aggregates and selecting appropri- 
me preventive measures to minimize the rk of expansion 
‘when such agereyuey are weed in concrete im exposure 
environments where AAR may be of concer, Preventive 
‘measures include avoiding use of the reve aggregate, 
Sining the alkali loading of e conecte, using supplementary. 
cementitious materials, using Tithium-based admixtures, or a 
combination of thee ia 


5, Significance und Use 

SA This guide provides recommendations foe ideatiying 
ine potential for deleterious AAR and selecting appropriate 
preventive measures, haed on a prescripivetused or perfor- 
mance approach. to minimize he risk of deleterious reaction, 
Im regions where occurrences of AAR are rare or the aparato 
sources in we have a satisfactory field performance recond 
Verified by following the guidance in thi standard, iis 
reasonable to continue to rely on the previous feld history 
‘without subjecting the aggregates to laboratory tests for AAR, 
In regions where AAR problems have occured or the reactivity 
w aggregates is known to vary iom source to sure, i may be 
necessary to follow a testing program to determine peal 

ivit and evaluate preventive measures, In this guide, he 
Tevel of prevention required isa function of ie reactivity of the 
aggregate, the nature of the exposure conditions (especial 
availability f moisture), the criticality af the structures and the 
availability e alkali in the concrete, 

2 Risk Eraluaton-—To use this, guide effectively, It is 
necessary to define the level f risk hat is acceptable, as tis 
‘will determine the type and complexity of esting (Nore 1 The 
tisk of deleterious expansion occurring as a result of a failure 
to detect deleteriously reactive aggregates can be reduced by 
routine testing using petrgrapby, or laboratory expansion 
tests, oF bah, 
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S3 For conventional structures, preventive measures deler: 
mined by either performince testing or the prescriptive ap. 
proach described inthis guide can be expected to generally 
reduce the risk of expansion as a result of ASR 10 an acceptable 
evel, For certain critical structures, suchas those exposed to 
continuous moisture (or example hydraulic dams or power 
plants), in which ASRcrelated expansion cannot be tolerated, 
‘more conservative mitigation measures may he warranted. 
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54 There are no proven measures for effectively preventing 
damaging expansion with alkali carbonate reactive rocks in 
concrete and such materials ned tn be avoided, 

55 M an aggregate is identified as potentially deleteriously 
reactive aya result of ASR, and he siructure size, class, and 
exposure condition requires preventive measures, the aggre- 
fale may he accepted for use together wit approprüuc 
preventive measure following the prescriptive or performance 
method outlined in this guide. 


6, Procedure 


{61 The low chart in Fig. 1 shows the general sequence of 
testing and decisions hat should be made when evaluating a 
sour 0f aggregate fr patemial AAR, Solid fines show the 
approach recommended for a lower risk of AAR, The amount 
und ime of texting can be reduced with acceptance o a higher 
level of risk following the Tow chart along the dashed lies. 
Proc documented satisfactory ied performanse of the appre- 
nte in concrete is generally considered to be uliient for its 
acceptance in new concrete, However, reliance on prior field 
performance. without following the guidance” and rev 
mendes testing in 7 | may not be sufficient to safeguard against 
damage s a result of AAR in new construction Thix is due to 
the diiculies in assuring that (he materials and mixture 
Proportions used In exiting wrvctures built 10 o 20 years ago 
(oh me frame needed to ensure that à deleterio react a 
a result of AAR has not occum) ane similar to those being 
proposed Tr us today. In most eases, t will be necessary t0 
ertor laboratory tests to determine whether Ie aparato ls 
potentially deleteriously reactive Tor the specifie concrete 
Misture to be usad 

GT Mt is recommended that the potential AAR ofa new or 
not previously tested source be established following the solid 
Ties from beginning wo end of the Now chart. There are several 
teat methods available for evaluating potential AAR. Petro- 
rapi examination, determination of chemical constituents, 
and mortar bar and concrete prism expansion tests are recom- 
mended in this guide. If there are no changes in the geologic 
uniformity ofthe deposit ot mineralogical composition, then 
the aggregate could be ubsequently monitored using a revised 
approach based on interpretation of the initial test res (see 
711) A revised approach would allow foe the omission of tests 
ased on suitable existing data. or for emission of Jess reliable 
tests if more reliable tests arë being performed. 

/62 If he aggregate is deemed to be non-reactive, it can be 
accepted for use in concrete with no further consideration of 
mitigation provide that the other physical properties of the 
aggregate render it suitable for wse (refer 10 Specificarion 
CRSICSÓM). IV the aggregate is a quarried carbonate, tests are 
required to determine whether the potetal reaction is of the 
alkali-carbonate or alkalisilica type. Aggregate deemed alkal 
Carbonate reactive should be avoided. Aggregate deemed alka 
Silica reactive can be tested for efficacy of preventive mea- 
sures. Steps fr selecting appropriate preventive measures for 
ASR follow either a performanee-based (Section 8) or 
prescriptive:based (Section 9) approach. In the performance 
hased approach, à potential preventive measure i tested 10 
determine if he measure provides a reduction in expansio 
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"below the inis outline inthis guide, Both approaches are 
intended o minimize the potential for deleterious expansion in 
Beld concrete 


7. Determining Aggregate Reactivity 
TA Ure of Field Performance History 
7:14 The long-term held performance history of an agare- 
gate can be established by surveying existing structures th 
‘were constructed using the same aggregate source. As many 
structures as practical should he included in the survey and 
these structures should, if possible. represent diferent types of 
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construction (for example, foundations, walls, ridge 
pavements, sidewalks, and structural elements) Practice C 
CH3M provides useful guidance when surveying structures 10 
establish Beks performance history. The following information 
Should be documented foreach structure: 

7.11.1 Ae. Structures should be at east 15 years old as 

le damage from AAR can take more than ten years 10 

develop, 

7.112. Alkali loading ofthe concrete; 

7.4.13 Use and coment of pozzolans or slag cement or 
Mended cements during construction 
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7.14. Exposure Condition Availity of moisture and 
use of deicing chemicals 

7:115 Symptoms of distress observed 

7.1.2 Cores should be taken from a representative number of 
these structures and a petrographic examination conducted 
using Practice C436 to extablish the following (Nove 2): 

7.12.1 The aggregate used inthe structure surveyed is of 
similar mineralogical composition, as determined by Guide 
COPSICIUSM, to tat f he nggregte to be used 

7432 Any evidence of damage as result of AAR: and 

7.1.2.3 The presence, quantity, and composition GF known) 
ot fiy ash, slag cement, or other supplementary cementitious 
morb. 


Non 2 Ere W signs o etinm ae ei nerd, cres od 
te nn fo ema amy f rd: 

7,13 VE the results of the field. survey indicate that he 
aggregate is non-reactive, the aggregate may be used in new 
insructon provided thatthe new concrete is no produced 
‘wih higher concrete alkali comen, u lower replacement level 
‘of supplementary cementitious material (SCM), or placed in a 
more aggressive exposure condition than the structures, in- 
‘fide in the survey. 

7.14 There i a certain levet of uncertainty associated with 
accepting aggregater solely o the basis of ied performance 
because of dificule in establishing unequivocally that the 
material and proportions used more than 10 t [5 years ago 
are slfiienly similar to those to be used new construction, 
IP eld performance Indicates that an aggregate source a 
potentially deleteriousiy restive, laboratory testing cun be 
Conduced to determine the level of aperegate reactivity and 
evaluate preventive measures. The use ol long-term perfor- 
‘mance is considered to be a reliable method in determining the 


suitability of an aggregate: however, it is often very dificult 10 
acquire the necessary information and background for existing 

72 Petrgraphie Assessment 

7.1 Petrogrphic examination of aggregates should be 
conducted in accordance with Guide C295/C295M. Petogn 
phy can reveal useful information about the composition of an 
aggregate including the identication and approximate amount 
Of potently reactive minerals. Petrography can be used to 
classify an aggregate as potentially reactive, but expansion 
Testing As required to determine the extent of the reactivity and 
appropriate mitigation measures. Aggregates may be accepted 
as non-reactive solely on the buss of petrography, but there ie 
a certain level of uncertainty associated with such a decision, 
For example, some reactive phases may mot be detected by 
optical microscopy. I a petrographer i examining aggregat 
Tom well-known and tested sources, i i reasonable w ue 
pangrap w cai the gwen reir on Wine 

732. Petroraphers should Jook for alkali reactive ilia 
components such as opal, che, chalcedony, cristobalite. 
Tidit, ined and mcro-cryataline quart, and volcanic 
pusa, Petrographers should abo ascertain the presence of 
mineralogical and textual features. characteristic of alkali- 
carbonate reactive aggregates. Deleteriowsly reactive alkali- 
arbonate aggregates ofen exhibit a charactere microscopic 
texture consisting of dolomite rhoma within a fine-grained 
matrix of calcis, quat, and clay (2), However, there have 


Ta a para TAG 


‘a apn Tes RAE I] 
DURS QI ea e 


Sun n 


M 


formem- 


erm 


Mp 
FG. 2 Piot of Ca0NAgO Fallo Versus the ALO, Content ot Quare Carbone Rocks (1) 


Friedens sanior 3 


Qh cima 25 


been reports of deleterious ACR with aggregates that do not 
exhibit this "classic" texture (3) 

73 Determination of Potewial Alkali-Carbonate Reaciive 
Rocks by Chemical Composition, CSA 4232284 the 
aggregate being assessed ix a quaried carbonate rock, the 
potential for ACR may he assessed on the basis of ts chemical 
composition (1). This test involves the determination of lime 
Cu), magnesia (MgO), and alumina (ALO) contents of the 
rock and determining where the composition of the rock falls 
ona plot of CAO/MpO ratio versus the ALO, content, as shown 
im Pig, 2 

73.1 IE the composition does not Talim the range of 
“aggregates considered w be potentially expansive” in Fig. 2, 
the regalo iv considered o be not potentially alkal 
carbonate reactive and should be tested using the options for 
evaluation of potential alkalisilica reactivity outlined in is 
mide 

7,12 IL the composition falls in he range of 
considers to be potentially expansive" n Fi 2, e aggregate 
ix considered to be potentially kal carbonate reactive. Such 
aggregate may he tested using either of he following concrete 
prism test: Test Method C129VC1203M or CIIOS wing a 
Towallall conem (se 7.5 and 7.0) 

74 Accelerated Montur Bur Te, Tex Method C1260-- This 
test method suite fr avessi potentially alkali-silica 
reactive aggregates (Note 3). 

Nom 1 Tot Mate 1240 (cles) moriar hr test) le not 


sui eng ACR n greats that oak cune acr 
a ma equal ven cred alo ed i Ted Mh 


ittis 


7.1 ME momar bars in this test expand by lev than 0.10 %6 
fer 14 days immersion, he aggregate is considered 10 be 
innocuous according to this est (Note 4) (4-6) 
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742 Nf the mortar bars expand 0.10% or greater after 14 
days immersion, he aggregate is considered to be potentially 
deoteriusly reactive (Noe 3) (4 7, and it is recommended 
"o confirm reactivity in concrete using Test Method CIN! 
CI293M (concrete prism ts) (Note 5 and None 6) 
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Expansion in ASTM C 1283 at 1 year (6) 


oa os 05. 06 


FIG. 3 Comparison ot Test Menag C1290, Accelerated Nora 
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Evaluating Preventative Measures wih a Specie Aggregate 
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75 Concrete Prism Test, Test Method C/20i/C1208M— 
"This concrete prism test is suitable for evaluating potentially 

aliia reactive aggregates and alkal-crbonate reactive 
aggregates, It is considered by many researchers 1o he the most 
reliable laboratory text for predicting field performance of 
nggregmes (11), Ifthe potentially reactive aggregate being 
tested is n conne aggregate, use a nonreactive fine agercente 
and vice versa. The coane- ino aggregate combination should 
be use make concrete prisms with à specified high alkali 
loading, The testis intended 10 evaluate coarse and fine 
aggregates separately and should not be used o evaluate job 
combinations of conne and ie aggregates 

75.1 If conce prisms in this test expand by less than 
104 % fter one year, he grege is considered non-reactive 
and may he used in concrete with no further testing for AAR, 

7,52 V he prisms expand by 0.04 % o greater at one year, 
the aggregate is considered to be potentially dleteriusy 
reactive and preventive measures, as outline in Section 8 or 9, 
ane required Mf he aggregate iy 10 e used in concrete 
onstruction for structures and exposure conditions requiring 
preventive measures (Nae 8) 
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73 VE dhe yale tested a quarried carbonate rock 
sinh a chemical composition aha falls within the region in 
(ip. 2), labeled ax "aggregates considered o be potentially 
reactive,” and exhibited concrete prim expansion of O04 9 or 
greater à one year, and wan not tested using Txt Method 
ENOS face 70, the concrete prisma should be examined to 
determine whether ACR contiud to the expamion or 
additional testing may be waranted (Note 9), I damaging 
‘ACR is detected, either in isolation or in combination wi 
ASR, the aggregate should not be used in concrete without 
selective quarrying or aggregate processing o limit the alkal- 
reactive carbonate components w acceptable level 


Nam 9 Tie determinatan of dhe estent which ACH cont 
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754 If an aggregate is reactive according 10 Test Method 
CINICISSM, and is to be use in concrete constructions 
appropriate preventive measures need to be taken following he 
procedures outlined in Sections # or 9. 


716 Concrete Prism Test for Aa Carbonate Reaction, Test 
Method CTIDS For quarried carbonate rocks with compen 
tions falling within the region nf “aggregates considered to e 
potentially reactive” in Fig. 2, this concrete prism test for 
alkali-carbonme reaction may also he used, hut he alkali 
Toading of the concrete should be kept below 14 kg/m’ 
TXO Ad to minimize the risk of deleterious expansion asa 
result of ASR. 


Frlebdenrenemivnetnuric sanior 


761 VE the expansion results from Test Method C1108 ane 
(0025 % or premer at six months or are 0.030 % or prester at 
twelve months, the aggregate is considered to be alkali- 
carbonate reactive and its use in concrete is 1o be avoided (Note 
10). Ifthe expansion results do not exceed these values, the 
aggregate is considered o be not alkal-carbonate reactive but 
should be tested for alkali-silica reactivity as outlined in this 
tide, 


Nor 10M e reommendel ht et e rcd or a period of 
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127 Interpretation uf Results from Laboratory Tests und use 
of Ening Ten Use. Pig. | 10 interpret the results from 
existing laboratory and field testing and (o make decisions 
regarding the risk of alkali-silica or alkali-carhonate reaction 
occuring in concret 

77.1 Fig, | shows doned tines fom ihe boxes, marked 
Evaluate Feld History andlor Testing History.” “Perform 
Fetographic Analysis of the Aggregate,” and "Perform Accel 
rad Mortar Bar Test” to the box marked "Non-Reuctve 
“Accept for Use us thee i an element of uncertainty ioc 
aed with accepting aggregates solely on the isis of these 
tess, With some aggregates, it may not be possible o identify 
reactive constituents by petrographic examination 

772 Test Method C1260 is generally recognized a a 
relatively severe ex tha identities as potently deleterious 
reactive many aggregate source that have à history of watit- 
factory Held performance and that Test Method C1293 
CI23M. Mentes as non-reactive, For this remon, rell 
from Test Method C126 should nut he used to reject an 
angregate: 1 an aggregate i» potentially reactive baed on the 
results of est Method C1260 (expansion > 0.104 ater 14 
daya immersion), its reactivity should be confirme by testing 
uwing Test Method C1203 or the potentially reactive aggregate 
should be used with appropriate mitigation measures (Section 
Noe 9M the results of Test Methods C1260 and C1298) 
CIAM are in disagreement, the results af Test Method 
C1293/C1293M should be considered the more reliable, 

Although there were exceptions, in he past, it was oen 
assumed that aggregates that passed Test Method C1260 
expansion < 0.1056 after 14 days immersion) were most likely 
Jo pass Test Method CI29MCI20AM (expansion c 0.04 5 at 1 
year), and such aggregates could he aecepred for use in 
Soncrete without the need fr confirmatory testing using Test 
Method CI29NC1291M. However, there have bee an inerea 
ine mmber of course aggregates that have boen found o pass 
"Test Method C1260 and fail Test Method C1293/C1293M and 
this is somewhat disconcerting fr specifications hat permit 
"he se of aggregates passing Test Method C1260 wiih no 
funher testing Ghat is no requirements for Test Method 
CI29SICIS3M) (Now 1) (13) (4). Consequently, thene is a 
risk associated with accepting an aggregate solely on the basis 
‘the ross from Test Method C1260 
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773 In Fig, 1 Test Method C1260 is shown with a broken 
"ine, as there is be possibilty of ineorteedy identilying a 
deleteriously reactive aggregate as being non-reactive using 
this method. The most reliable approach for determining 
aggregate reactivity is wo use Test Method C1293/C1293M for 
all cases (that is, 10 exclude Test Method C1200 from the 
valuation process). However, it is recognized thatthe long 
duration of Test Method C1293/C129M makes it impractical 
for use in many circumstances and there isa need fora more 
rapid est 


A, Performance-based Approach for Selecting 
Appropriate Preventive Measures 


1.1 In the pevformance-basedl approach, the efccy of he 
preventive measure in combination With the reactive aggregate 
ik tested using either Test Method C129VCL203M or Test 
Method C1S67 (Note 12). This approach is suitable for 
selecting the appropriate level of supplementary cementitious 
materials (SCM), The elect of diferent alkali loadings o the 
performance of concrete mistures made with reactive aggre. 
Bates cannot be determined using Test Methods CIX 
EIDAM and C1367, mar can tese tests be ued to determine 
a maximum sale alkali loading (sce Note 13). Mitigation 
measures nin limits on alkali loading should be determined 
uwing Section Y 


No V1 Cuneny, dere i no ASTM tanda analogus Test 
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2. Performance Testing Using Test Method C1293 
CIAM- The ability of SCMs soch ax ly ash, slag cement, 
silica fume, ground-glass pozzoln, and natural pozzolans, to 
‘nto deleterious expansion with a reactive aggregate can be 
evaluated uwing Text Method CI20NCI2S1M. When testing 
SCM. the total cementitious mitral coment is maintained at 
220 km [708 IMP, but the cement is replaced partially 
With the desired amount of he SCM (or combination of SCM) 
under Investigation. The alkali coment of the cement compo: 
ment of ho mixture (ax defined in 3.23) only is raised to 125 9 
NayOog (Note 13), A number of tests should be conducted 
using varying levels of SCM(S) optimize the proportions hat 
‘will meet he expansion criteria. The test dation for evaluar 
in preventive measures i Two years, I expansions are 
001 % at two years, the combination of SCM and reactive 
aggregate ix considered suitable for use in concrete consru 
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BA Performance Testing Using Test Mehud C1567—Test 
Method C1367 was developed specifically for "determining the 
penal alkali reactivity of combinations of cementi- 
tious materials, and aggregates " Before Test Method C1567 
can be used 10 determine the performance of à specific 
SCM aggregate combination, its recommended thut i first be 
demonstrated that the reactivity of the aggregate being evalu- 
ate is properly identified, His recommended thatthe aggre- 
le reactivity be evaluatod using ress rom Test Method 
C1260 und Test Method CI2SVCINTM forthe aparga 
being used without preventive measure. Aller subjecting the 
aggregate 10 boh tess, the result are plated on Fig. 3 
Provided dia dono fall within Zane 3 ict in Fig. 3, Test 
Method C1367 can then be used to determine the eflacy of 
SCMs, Negletig 10 perform this type ol comparison may 
sl n either: (1) an overly conservative eiue of aggre- 
fe reactivity using Test Method C1260 resulting in over 
‘mation of required SCM amounts or (2) a lew conservative 
estimate of aggregate reactivity using Test Method C1260 
Tesuking in underestimation of required SCM amounts, This 
present an inherent risk in relying solely on the ress of 
“Tes Method C1260 or Test Method C1567; Iris recommended 
that Test Methods C1260 and CI129NC1293M be compared 
regularly (every to ear would be a conservative recom 
dation unless the results of pettography or other tests indicate 
a significant change in the composition of the material in the 
dar in which ase new teste should be inated (14) 

BAN Combinations of cementitious materials and agere 
its will he deemed acceptable for uc AP he resulting 
Expansion i 40.1074 afier 14 days Immersion in IN NaOH 
{Note 14, Nate 15) (8, 0) 
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832. An expansion of 0.10 5 or greater at 14 days immer- 
sion indicates the combination of materials was not adequate 10 
mitigate expansive ASR of the aggregate being tested (5 6) 
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Expansion may be reduced by reteting the material combina- 
"ion at higher SCM replacement levels, 


9. Prescriptive Approach for Selecting Appropriate 

Preventive Measures 

9.1 Using the prescriptive approach, the level of prevention 
is determined by considering the cas (criticality of structure’, 
size, and exposure condition of the structure; the degree of 
aggregate reactivity; and the alkali loading of the concrete. The 
approach follows the prescriptive requirement in Tables 1-8 
‘This approach is similar to that originally developed in Canada 
(CSA A23.227A) and being developed in Europe (17) Iis 
also similar othe curren guidance in AASHTO R 30, 

71,1 The preseriptive approach is suitable for selecting the 
appropriate evel of SCM, he maximum alkali loading, or both 
OT the conce. Jt can be sed as an option if complete 

si data aro not avaiable 


The degree of 
alkali reactivity of an apprega ined by testing 
‘he aggregate in accordance with Text Method CIC 293M 
and using the expansion value at one year, Apgreate-eactivity 
laser are given in Table 1. If data fum ex Mehol 
CI2Y4CI29AN ure not available, dta from Test Method 
C1260 may be use to classify aggregate reactivity a shown in 
Table 1, If the conne und line aggregates are of diferent 
#eactvity, the level af prevention should be selected on the 
buy o he more reactive aggregate 

713 Level nf ASR Riu The rk of ASR cocuning in a 
sarcture can be determined by considering the aggregate 
reactivity andthe exposure conditions using Table 2. The 
guidance provided in Table 2 can be used inthe absence of 
Other information regarding exposure conditions of a particular 
ture and is meant as am ad to choosing the proper 
prescriptive approach to minimize the potential or deleterious 
ASR 

9.14 Determining the Level of Prevention considering 
the risk of ASR from Table 2 combined with the class of 
ritur from Table 3, the level of prevention required is 
determined from Table 4 

9.15: Menificution of Preventive Measures 

94.5.1 Option Is Lining the Alli Loading of the 
Comeree. The ponemial foe damaging ASR can be minimized 
by limiting the alkali loading of the concrete. Maximum 
permissible alkali lodings are given in Table 5. The alkali 
Toading of concrete is calculate as described in 32.2 

9.41.52 Option 2: Using SCM—The potential for damaging 
ASR can be minimized by using a sufficient quantity of a 
suitable SCM such as Ay anh, slap cement, silica ume, or 
natural pozzolan (Nove 16). Table 6 provider minimum re- 
placement levels for fly ash with less than 18 CuO deer 


1 Classification of Aggregate Reactivity 


p 


TABLE 2 Determining Ihe Levei of ASA Risk 
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mined in, accordance with Specification C31/C311M and 
meeting the requirements of Speciation COIR, silica fume 
with more than 85 % Si, and meeting the requirements of 
Speciation C1240, and slag cement meeting the require- 
memis ol Specification CONCURUM, Fly shes with more than 
18% CaO can be used w mitigate. ASR; however, their 
effectiveness shoul he evaluate folowing the performance 
hased approach outlined in K2 ind A3. When two or more 
SCMs are usd together to control ASR, the minimum replace 
men level given in Taie 6 for the individual SCMs moy bo 
edged provided that he sum of proportions of both SCM is 
fate than or equa toone, For example, when silica fume and 
Blg are usod together, the vilica fume level may he reduced 10 
one third of he minimum silica fume level piven in Table 6 
provided that the slag level is at least two thins of the 
minimum slag level. 
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"The minimum replacement levels in Table 6 are appropriate 
for use with cements of moderat-t-high alkali contents (07 
10 10% Na,Oxq) Table 7 provides recommendations for 
adjusting the level of SCM when ihe alkali content of the 
ements above or below this range (16), When SCM ar 
combined with lower alkali cement (4.7 © NayOegp, the risk 
is suceny low to adopt the value of he minimum replace 
‘ment level for the next prevention level down. For example, if 
slag cement is to be usd in Prevention Level Y with lower 
alkali cement, the level of slag cement can be reduced io the 
level specified for Prevention Level X (35 8). The replacement 
Jevels used should not he below those given in Tabie 6 for 
Prevention Level W, regardless of the alkali conten of the 
cement. Similarty, if higher alkali cements C10  Na,Oeq) 
are used tether with SCMs, the replacement level of SCM 
should he increased to that required for the nest prevention 
level up. For example, if slag cement is 10 be used in 
Prevention Level Y with higher alkali cement, the level af slag 
cement should be increased to the level specified for Preven- 
tion Level Z (65 56 
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TABLE 4 Determining Level ot Prevention 
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TABLE 5 tasimur Aa Loadings to Provide Various Level of 
Prevention. 
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“The prescriptive option in his guide should not he used 
when the lali content of he cement exceeds 1.25 6 Na Oe, 

9.41.53 Option 3: Controlling the Alkali Loading of Con 
cree and Using SCMs when Highest Levels of Prevention Are 
Required (Levels Z and ZZ) the highest levels of prevention 
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are needed, a combination of Options 1 and 2 may be requires: 
“This approach requires that a minimum level of SCM he used 
and that a maximum limit be placed on the concrete alkali 
loading. Options for Prevention Levels Z and ZZ are given in 
Table $. 
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TABLE 6 Minimum Loves of SCH 1 Provide Appropriate Level of Prevention 
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TABLE 7 Adjusting Minimum Level o SCM Based on Ala 
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TABLE 8 Using SCM ed Limiting Awal Loading ot Concrete to 
Provide Wheat Leve o Preventon. 
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10, Keywords 

10.1 AAR: ACR: alkall-ayurepute reaction: alkali-carbonae 
reaction: nikali-silica reaction: ASI: concrete: concrete duni- 
bli: laboratory testing: pozzolans: reactive aggregates: risk 
elution: supplementary cementitious materials 
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SUMMARY OF CHANGES 


Committee COS has identified the location n selected changes to this standard since the ast se (CI778-22) 
hat may impact the use of this standard. (Approved December 1, 20233 


(1) Revised 3.2.1, 32:2, and 3.2.24 
(2) Ade 3.23 and 3231 
(3) Revised 4 
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(4) Revised K2, 
15) Revised 915.1 and 9.1.52, 
46) Revised Table 7 
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